due to the stratification of SOC in NT systems and mechanical mixing of soils in tilled systems. These discrepancies in research findings are largely caused by inconsistent soil sampling protocols, particularly sampling depth (Olson et al., 2014) .
Agroecosystems under warm and humid climatic conditions, such as those in Tennessee, typically favor SOC decomposition over sequestration, featuring sensitivity of SOC to climatic conditions (Franzluebbers, 2002) . Therefore, we hypothesized that the effect of conservation management practices on SOC accumulation in these environments are either negligible or restricted to the surface few centimeters of soil. To test this hypothesis, we conducted a study with the objective to investigate the total SOC and POXC changes as affected by long-term management practices in the predominant row crop systems of Tennessee.
Materials and Methods
Three long-term field experiments established at the University of Tennessee Research and Education Centers were used for this study. The first experiment, referred to here as the Rotation Experiment, is a crop rotation × cover crop study with three replications, conducted on a Grenada silt loam (fine-silty, mixed, active, thermic Oxyaquic Fraglossudalfs) at Milan, TN (35°56¢ N, 88°43¢ W, 125 m elevation), since 2002. This NT study consists of six crop rotation treatments of continuous corn, corn rotated with soybean, continuous soybean, soybean rotated with cotton, continuous cotton, and cotton rotated with corn with three field replications. The second experiment, referred to here as the Soybean Experiment, is a tillage study on a continuous soybean system conducted continuously since 1979 on a Lexington silt loam (fine-silty, mixed, active, thermic Ultic Hapludalfs) at Jackson, TN (35°37¢ N, 88°50¢ W, 124 m elevation). Tillage treatments were moldboard plow tillage, NT, and NT with winter wheat (Triticum aestivum L.) cover crop with four field replications. The third experiment, referred to here as the Cotton Experiment, is a cover crop × tillage experiment in continuous cotton with four field replications, conducted on a Lexington silt loam at Jackson, TN, since 1981. The cover crop treatments were no cover, hairy vetch (Vicia villosa Roth), and winter wheat; the tillage treatments were NT and conventional tillage (CT). Hairy vetch and winter wheat were established each fall with a NT drill and killed in spring before cotton planting. The tilled plots were disked in the fall to a depth of 15 cm and then disked and field-cultivated during the following spring every year. Experimental design and crop management details for the Rotation Experiment, Soybean Experiment, and Cotton Experiment is documented in Ashworth et al. (2017) , Donald et al. (2009), and Ritchey et al. (2015) , respectively.
Soil samples were collected in the spring of 2014 before planting. In the Rotation Experiment, samples were collected from the corn, soybean, and cotton phases of the corn-soybean, soybean-cotton, and cotton-corn rotations, respectively. The depth increments for the soil samples were 0 to 2.5, 2.5 to 5, 5 to 7.5, 7.5 to 10, 10 to 15, 0 to 15, 15 to 22.5, and 22.5 to 30 cm. Two additional depths (30-45 and 45-60 cm) were sampled only from the Rotation Experiment. A total of 10 to 15 samples from each replication of a given treatment were collected using a 2.5-cm-diameter soil probe, composited on-site, transferred to airtight plastic bags, and stored at 4°C for a maximum of 1 wk before processing. In the laboratory, after determining the bulk density, cores were separated by hand, air-dried, and sieved through a 2-mm sieve. Total SOC of air-dried samples, after pulverizing, was determined using dry combustion method on a Thermo Electron CN Analyzer. The SOC pools were calculated using SOC concentration and bulk density data for each soil depth. The POXC was determined using the protocol of Culman et al. (2012) .
The data were statistically analyzed using the PROC GLIMMIX procedure in SAS v. 9.4 (SAS Institute, 2014). Analysis of variance was conducted for each soil depth to determine the effect of treatments on SOC pool and POXC. Mean differences were considered significant at P ≤ 0.05. The fixed effects were crop rotations for the Rotation Experiment, tillage treatments for the Soybean Experiment, and tillage and cover crops for the Cotton Experiment. Replications were treated as a random effect in the model. The interaction of tillage and cover crops in the Cotton Experiment was not statistically significant at P ≤ 0.05. Since soil sampling was conducted from variable depth increments, depthwise mean comparison of data for each treatment was not performed. Least square means were separated using the Tukey-Kramer method.
Results and Discussion

Soil Organic Carbon
In general, both total SOC concentration and SOC pool responded similarly to management practices. Therefore, only the SOC pool is reported here.
Rotation Experiment
At the shallow depth increments (<15 cm) in the Rotation Experiment, SOC pool varied significantly across the crop rotations. The systems that included corn or cotton generally contained significantly higher SOC than systems that included soybean (Table 1 ). In addition, continuous cotton and/or cotton rotated with corn had greater SOC pool than other systems at deeper soil depths (15-22.5 cm and 30-45 cm), while no other differences among crop rotation treatments were detected in soils below 15 cm. In addition, no significant differences across the treatments were observed when the sampling depth was 0 to 15 cm, which is the typical sampling depth for routine soil testing.
Continuous corn favored SOC accumulation compared with continuous soybean and corn rotated with soybean, which is consistent with several past studies (e.g., Kou et al., 2012) . The greater ability of corn in sequestering SOC has been attributed to the quality of residues. Corn residues typically have wider C/N ratios (e.g., 103:1 by Martens, 2000) that support slower residue decomposition. On the contrary, soybean systems exhibit limited ability to accrue SOC because of lower C input and faster residue decomposition due to a favorable C/N ratio (e.g., 23:1 by Begum et al., 2014) and lower lignin contents (Huggins et al., 2007) . The SOC accretion capacity of systems including cotton was generally between those of corn and soybean, as evident from our results ( Table 1) . The higher SOC content in cotton in subsoil layers (Table 1) could be due to the taproot architecture of cotton and associated root density in deeper soil layers as compared to fibrous and shallow root architecture of corn (Grimes et al., 1975) . In addition, cotton also exhibits lower root decomposition rate (Ghidey and Alberts, 1993) due to the lower potential supply of N because of the higher C/N ratio (e.g., 29:1 by Muhammad et al., 2011) . Our results clearly revealed that SOC under the continuous soybean was lowest, which can be increased by rotating soybean with corn or cotton.
Soybean Experiment
At 0-to 2.5-and 2.5-to 5-cm depths in the Soybean Experiment, the SOC pool under moldboard plow tillage was 53 and 28% lower than NT and 52 and 33% lower than NT with winter wheat, respectively ( Table 1 ). The treatment differences were not significant in depths below 5 cm, which was also true when a single sample was collected to represent the 0-to 15-cm depth. Other studies also reported the benefit of NT on SOC accumulation in the top few centimeters of soil under row crop systems (Huggins et al., 2007; Motta et al., 2007; Blanco-Canqui et al., 2011; Olson and Al-Kaisi, 2015) , particularly in the southeastern United States (Díaz-Zorita and Grove, 2002; Franzluebbers, 2010) . We also found that planting a winter cover crop in the NT system (NT with winter wheat) did not accumulate more SOC than in NT alone, which is similar to the findings of Motta et al. (2007) , also conducted in the southeastern United States. Due to the warm and humid climatic conditions of the southeast that promote residue decomposition over accumulation, we expect no or incremental increase in SOC build up by cover cropping. In addition, a slight increase in SOC that may have occurred from cover cropping could be masked by the more pronounced effect of NT practice on SOC accumulation. In other regions of the United States, however, cover cropping showed a positive effect on SOC accumulation (e.g., BlancoCanqui et al., 2011; Olson et al., 2014) .
Cotton Experiment
In the Cotton Experiment, the SOC pool was significantly higher with NT than with the CT system in the top 2.5-cm soil layer (7.48 Mg ha -1 vs. 5.62 Mg ha -1 ) (Table 1) . However, in the 5-to 10-cm depth, CT showed significantly higher SOC pool than NT (21% more for 5-7.5 cm and 7% more for 7.5-10 cm). Higher SOC accumulation near the soil surface under NT systems and in deeper layers under CT systems were reported in several studies (e.g., Wright et al., 2005; VandenBygaart et al., 2011) . This redistribution of SOC can be attributed to the higher root density near the soil surface in NT coupled with slower residue decomposition associated with minimal soil disturbance, and the greater accumulation of SOC in the subsoil is due to the soil inversion from disking in CT (Gál et al., 2007) . Because of this opposite trend in SOC accumulation within the top 15 cm of a profile, we found no statistical differences in SOC when a single sample was collected from the 0-to 15-cm layer (Table 1 ). Similar to the Soybean Experiment, this result also underscores the need for considering shallow soil layers to understand the effect of management changes on SOC accumulation.
Including winter cover crops (hairy vetch and wheat) in cotton systems under both NT and CT showed no effect on SOC as compared to the no-cover control (data not shown). This is consistent with the findings from the Soybean Experiment. Even though cover crops did not increase SOC in the warmer climatic conditions of the southeastern region of the United States, it maintained the same SOC pool while offering other benefits such as preventing soil and nutrient loss from water and wind erosion, improving soil structure and other physical properties, increasing nutrient availability in soil, and suppressing weeds (Blanco-Canqui et al., 2015; Nouri et al., 2019) . Thus, winter cover cropping is clearly a good management option for this region.
Permanganate-Oxidizable Carbon
In all three long-term experiments, both POXC and SOC pool responded to management treatments in a similar manner. In the Rotation Experiment, POXC was statistically different among crop rotation treatments only in the top three depth increments (Table 2 ). In the 0-to 2.5-cm depth, POXC was the highest in the continuous corn system (908 mg kg -1 ), followed by the cotton-corn (785 mg kg -1 ) rotation. Continuous corn also had higher POXC in the 2.5-to 5-cm (466 mg kg -1
) and 5-to 7.5-cm (303 mg kg -1 ) depth increments, while POXC in the other depths was not affected by treatments. In the Soybean Experiment, tillage effect on POXC was only detected at increments 0 to 2.5 cm and 2.5 to 5 cm (Table 2) , with the NT systems exhibiting more POXC than the moldboard plow tillage system. In the Cotton Experiment, POXC was higher under NT than CT at 0 to 2.5 cm (620 vs. 454 mg kg -1 ) ( Table 2 ). In contrast, CT had higher POXC than NT system at 2.5 to 5 cm (374 vs. 318 mg kg -1 ) and 5 to 7.5 cm (310 vs. 227 mg kg -1 ). This trend in POXC at different depths was similar to the changes in total SOC pool at these depths.
It has been reported that POXC reflects a more processed soil C fraction (Culman et al., 2012) and that it may serve as an early indicator for long-term total SOC changes under different crop management strategies (Mandal et al., 2011; Hurisso et al., 2016) . A study that included 53 sites with multiple soil types and cropping systems indicated that POXC correlated significantly to total SOC (Culman et al., 2012) . Our study also found a very strong positive linear relationship between POXC and SOC (P < 0.0001, r 2 = 0.93). However, in the Rotation Experiment, POXC only changed among cropping systems from 0 to 7.5 cm (Table 2) , unlike the SOC pool, which also showed a treatment effect in the deeper soil layers (Table 1 ). This suggests that POXC is most sensitive to management changes in the surface layers of soil where C inputs are abundant (Plaza-Bonilla et al., 2014) .
Conclusions
In this study, we found that SOC accumulation was favored by continuous corn and cotton and by corn in rotation with cotton systems than by soybean included systems under NT management. The significant effects across the long-term treatments were observed mostly in the surface few centimeters of soils, except in the case of crop rotation study, where SOC changes were observed in the deeper soil layers. However, the treatment effects disappeared when 0 to 15 cm was analyzed as a single layer. We also observed that SOC content was not influenced by long-term cover cropping. From the strong positive relationship between SOC and POXC, we conclude that POXC can be considered as an indicator of SOC changes from long-term management. By including three long-term field trials with diverse management practices, the results of this study provide a broader understanding of the SOC changes in the arable soils of Tennessee, which are marginally fertile and experience warm and humid climatic conditions. 0-15  351  305  336  303  336  225  211  258  281  283  289   0-2.5  908a †  635c  785b  648c  712bc  679bc  204b  592a  562a  454b  620a   2.5-5  466a  331b  373b  387b  332b  327b  245b  387ab  400a  374a  318b   5-7.5  303a  233b  226b  242b  221b  209b  241  249  309 
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